] showed the best performance. Various nitriles were reduced with potassium formate as hydrogen donor, and considerable to excellent yields of amines were given. The ionic liquid can be used for 6 times at least, and the reaction process is clean.
Introduction
Catalytic transfer hydrogenation plays an important role in organic synthesis. Reduction of nitrile yields amine. There are many reductants that are used in the reduction of nitrile, such as hydrogen, 1 sodium tetrahydroborate, 2 Aluminum, 3 lithium aluminium hydride, 4 et al. However, there are only a few reports on transfer hydrogenation system that is available for the reduction of nitriles. R.C. Mebane, et al. have reported Raney nickel catalyzed transfer hydrogenation of aliphatic nitrile using 2-propanol as hydrogen donor, and good yields of corresponding amines were given 5 . But when we perform their method in the reduction of aromatic nitrile, little corresponding amine was obtained. E. Mizushima et al. reported similar result, they found low yield of benzylamine (6%) in RuH 2 (PPh 3 ) 4 catalyzed reduction of benzonitrile with 2-propanol as hydrogen donor 6 . The transfer hydrogenation system, Pd/HCOOH, has been also reported to be used in the reduction of nitrile, 7 but it showed bad performance. Raney nickel catalyzed transfer hydrogenation of nitrile with hydrazine hydrate as hydrogen donor has been reported by both W.W. Zajac, et al. 8 and Q.D. You, et al, 9 and moderate yield of corresponding amine was obtained. Although hydrazine hydrate is an effective hydrogen donor, it is limited by its toxicity and explosibility. Recently, a new hydrogen donor, hydrazinium monoformate, was proposed and used in the reduction of nitrile. It is reported to be so effective that nitriles can be reduced in a short time with good to excellent yields of corresponding amines 10 . However, the active hydrogen comes from hydrazinium, and the formate anion is wasted.
In our recent study, we found that formate can be an effective hydrogen donor in Raney nickel catalyzed reduction of nitriles if the hydrolysis and alcoholysis can be inhibited. Hydrolysis and alcoholysis of nitriles is inevitable when water or alcohol is used as solvent, so choosing an appropriate reaction medium is vital.
In recent years, ionic liquids (ILs) are attracting more and more attention as green and efficient reaction media for catalytic transfer hydrogenation 11 . As the solubility of salts is higher in IL than in organic solvents, we chose an IL as reaction medium. Recently, it was found by our group that 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) based ILs were superior as catalyst in some organic reactions such as aza-Michael additions 12 and Knoevenagel condensation, 13 and we found it was also a good solvent. DBU based IL is attracting growing attention as it can be prepared by simple neutralization of DBU and acid. In this work, we prepared several DBU based ILs as solvent in Raney nickel catalyzed transfer hydrogenation of nitrile. . As the acidity order of the anions is C 4 H 9 COOH< C 3 H 7 COOH< C 2 H 5 COOH, the performance of DBU based IL as solvent in transfer hydrogenation of nitrile depends on how weak the acidity of anion is. Thus it can be judged that the promoting effect of DBU based IL probably resulted from its basicity. Furthermore, we found that the solubility of salt in DBU based IL is low at room temperature, while it increases remarkably as the temperature rises. So it is convenient for separation after the reaction. [ After the reaction medium was selected, we compared the performance of different formates, the results are shown in Table 2 . It can be seen that sodium formate, tetraethylammonium formate and potassium formate showed comparative performance, while reaction using triethylammonium formate as hydrogen donor did not give any benzylamine. The probable reason was that triethylammonium formate could decompose to triethylamine and formic acid when heated, and benzonitrile reacts with formic acid to give benzaldehyde under catalyze of Raney nickel 14 . Potassium formate was selected as hydrogen donor for further investigation. We also tried two commonly used reduction catalyst, Pd/C and Pt/C, in the transfer hydrogenation of benzonitrile to compare with Raney nickel. The results are shown in Table 3 . Whatever the solvent was, almost no reaction occurred when Pd/C was used as catalyst. And the only product in Pt/C catalyzed reaction was benzamide. Both Pt/C and Pd/C were thus proved to be inactive in the reduction of nitrile, while Pt/C can be a good catalyst for the hydrolysis of nitrile. With the optimized reaction condition obtained, we expanded our study to other nitriles, and the results are summarized in Table 4 . Generally various nitriles were reduced with good yields of corresponding amines. The reduction product of 4-chlorobenzonitrile was benzylamine, and the nitro group in 4-nitrobenzonitrile was reduced to amino. So it can be concluded that this transfer hydrogenation system is also available in dehalogenation and reduction of nitro. It should be noted that the reduction of aliphatic nitriles took much shorter time than that of aromatic nitriles (Table 4 , Entry 1 and 2). This can be attributed to the conjugation of C≡N bond and benzene ring, which reduced the electron density of the cyano group so that the hydrogenation is unfavorable. In order to exclude the effect of steric hindrance to the reaction, transfer hydrogenation of phenylacetonitrile was performed. It is clear in Table 4 that phenylacetonitrile was reduced in short time with good yield of phenylethylamine ( To a 100 mL three-necked flask cooled by ice bath, added DBU. Then carboxylic acid (0.9 equiv.) was added dropwise under stirring. After addition, the reaction mixture was stirred at room temperature for 10 h. The unconverted residue was washed by ethyl ether, and the IL was dried under vacuum at 70 ºC for 10 h to afford a light yellow viscous liquid.
Results and Discussion
[ ] (50 mL), nitrile (50 mmol), sodium formate (250 mmol) and Raney nickel (0.5 g). Then the mixture was heated to 70 ºC and reacted for 8 hours under stirring. After the reaction was completed, the mixture was cooled to 20 ºC and filtered, the filtrate was extracted with ethyl acetate for 3 times. The organic solution was washed by dilute hydrochloric acid, the inorganic layer was separated and neutralized with sodium hydroxide. The inorganic layer was extracted with ethyl acetate, then the product can be obtained after removing ethyl acetate under vacuum at 60 ºC. The IL after filtration and extraction was washed by ethyl ether and dried under vacuum at 70 ºC for 2 hours, then it was ready for reuse. The catalyst was recycled by washing the deposit with water and filtering, but it cannot be reused unless it is activated by hydrogen. 
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